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(57) Abstract: The present invention relates to a device for sepa- 
rating a mixture, comprising: - a flow body along the outer surface 
of which the mixture for separating can be carried; - one or more 
swirl blades arranged on the flow body for setting mixture flow- 
ing therealong into a rotating movement for the purpose of separat- 
ing the mixture into a relatively heavy and relatively light fraction, 
characterized in that the swirl blade extends substantially obliquely 
relative to the perpendicular to the outer surface of the flow body. 



wo 03/092901 Ai I lllll llilllll H llllll IIHI till I » 111 Hill lllll Hill 11111 Hill mi imm 1111 Hli mi 



Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 03/092901 



PCTYNL03/00318 



1 

DEVICE AND SYSTEM FOR SEPARATING A MIXTURE 

The present invention relates to a device and 
system for separating a mixture. 

Many types of separating device are known for 
separating gas/liquid mixtures, for instance in order to 
5 dry natural gas. In a so-called axial cyclone the 
entering gas/liquid mixture is set into a rotating 
movement, whereby a heavy fraction (in the order of 
magnitude of up to 45% of the total flow) in which a 
relatively large amount of liquid. is present, is flung 
10 against the outer wall of the cyclone, while a 

relatively light fraction remains flowing further in or 
close to the centre of the cyclone. In so-called axial 
recycle cyclones a part of the heavy fraction that has 
been set into rotation is discharged, wherein a part of 
15 this discharged fraction is reintroduced into the flow 
in order to also further separate this part of the heavy- 
fraction into a heavy and light fraction. Recycling of a 
part of the heavy fraction has the purpose, among 
others, of increasing the separating efficiency of the 
20 cyclone. 

From the Netherlands patent NL 101478 of applicant 
is known an axial recycle cyclone consisting of a tube 
which has on the underside an inlet for the gas/liquid 
mixture and on the upper side thereof an outlet opening. 

25 Placed roughly centrally in the space enclosed by the 
tube is a flow body which is provided with swirl blades 
or vanes for setting into rotating movement the 
gas/liquid mixture fed in via the inlet. 

For structural reasons the swirl blades of the 

30 known cyclones are herein mounted perpendicularly of the 
flow body. 

Although the mixture flowing along the thus mounted 
swirl blades is set into rotation, the flowing mixture 
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has no natural flow profile. This has negative 
consequences for the separating efficiency of the 
cyclone. A further drawback is that, given determined 
separating conditions, the pressure drop over the 

5 cyclone is relatively large. This means a limitation in 
the capacity of the cyclone. 

Known from the British patent specification GB 851 
498 A is a separating device in which helical vanes are 
arranged in an oblique position on a central flow body 

10 so as to set into rotation a mixture flowing along the 
flow body. The swirl blades are however straight in 
outward (radial) direction, which has an adverse effect 
on the flow. 

From the American patent specification US 3 616 619 
15 is known a separating device in which a number of 
helical swirl blades are arranged on a central flow 
body. However, the applied swirl blades appear to have 
an outward (radial) fixed curvature. Such swirl blades 
also result in an inadequate separation of the mixture. 
20 It is an object of the present invention to provide • 

an improved device and an improved system for separating 
a mixture in which at least the above stated drawbacks 
of the prior art are obviated. 

This object is achieved according to the invention 
25 in a device for separating a mixture, comprising: 

- a flow body along the outer surface of which the 
mixture for separating can be carried; 

- at least one swirl blade arranged on the flow 
body for setting a mixture flowing therealong into a 

30 rotating movement from the proximal end to the distal 
end thereof, for the purpose of separating the mixture 
into a relatively heavy and a relatively light fraction, 
wherein the position of the swirl blade is substantially 
oblique relative to the perpendicular to the outer 
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surface of the flow body and the swirl blade is 

outwardly curved, 

and 

wherein the outward curvature of the swirl blade and/or 

5 the position of the swirl blade varies at different 
positions between the proximal and distal end of the 
swirl blade. 

By placing the curved swirl blade obliquely 
relative to the flow body in such a manner, a more 

10 natural flow profile of the mixture flowing along the 
swirl blades can be brought about . Depending on the 
situation, the curvature of the swirl blade or the 
position of the swirl blade, as seen from the proximal 
end in the direction of the distal end, can still be 

15 varied. The pressure drop over the swirl blades can be 
reduced by 30% or more while the separating efficiency 
remains constant. Downstream of the swirl blades there 
is further provided a more uniform flow with fewer 
swirls, which increases the separating efficiency of the 

20 device. The "slip" is hereby also minimized. "Slip" is 
here understood to mean the difference between the flow 
angle of the distal end of a swirl blade (the geometric 
angle between the end part of a swirl blade and the 
axial direction) and the effective flow angle in the 

25 separator itself (downstream of the relevant swirl 

blade) . In the ideal case these angles are equal to each 
other. In practice there is a difference between the two 
angles. This difference is referred to as "slip". 

According to a first preferred embodiment the swirl 

30 blade extends substantially obliquely relative to the 

flow body at the position of the connection of the swirl 
blade to the flow body. This means that the swirl blade 
connects obliquely onto the surface of the flow body. A 
more natural flow profile can be obtained by having the 

35 swirl blade connect obliquely to the flow body. The 
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improvement already occurs if the angle (a) between the 
swirl blade and the perpendicular to the flow body 
surface amounts substantially to more than 5' at the 
position of the connection of the relevant swirl blade 

5 to the flow body. An even more natural profile is 

obtained when said angle (a) is substantially between 
25 ' and 65 ' . ' 

In the above stated embodiment the swirl blade 
itself can be substantially straight in radially outward 

10 direction and in the direction of the radial end of the 
swirl blade, i.e. in the direction of the free 
longitudinal edge of the swirl blade. In the light of 
obtaining a more natural flow profile, it is however 
recommended to give the swirl blades a curved form in 

15 radial direction. This is understood to mean that there 
is more or less curvature from the connection of a swirl 
blade onto the flow body to the above mentioned free 
longitudinal edge of the swirl blade, wherein the angle 
(a) between the swirl blade and the perpendicular to the 

20 flow body surface preferably increases gradually towards - 
the outside. 

It is noted that a flow profile can be realized 
which is improved, although less so than in the previous 
embodiment, if the swirl blades are take a curved form 
25 in radial direction and therefore extend substantially 
obliquely relative to the perpendicular to the surface 
of the flow body, while the swirl blades do connect 
perpendicularly to the flow body. 

In order to set the mixture into rotation the swirl 
30 blades take a curved form in axial (longitudinal) 
direction or flow direction, wherein the curvature 
increases in axial or flow direction. 

The separating device can be applied not only to 
separate gas/liquid mixtures as set forth above, but 
35 also to separate mixtures in general, such as for 
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instance liquid/liquid mixtures and/or gas/solid 
mixtures . 

The invention also relates to a separating system 
for separating a mixture, comprising: 
5 - a tube which is provided with at least one inlet 

opening for infeed of the mixture for separating and at 
least one outlet opening for outfeed of the separated 
mixture ; 

- a flow body disposed in the tube, along the outer 
10 surface of which the mixture for separating can be 

carried ; 

- one or more swirl blades arranged on the outer 
surface of the flow body and/or the inner surface of the 
tube, along which blades a mixture flows from a proximal 

15 end to a distal end for the purpose of setting the 
mixture into a rotating movement so as separate the 
mixture into a relatively heavy and a relatively light, 
fraction, 

wherein the position of the swirl blade is substantially 
20 oblique relative to the perpendicular to the outer 

surface of the flow body and the swirl blade is curved 

outward, 

and 

wherein the outward curvature of the swirl blade and/or 
25 the position of the swirl blade varies at different 
positions between the proximal and distal end of the 
swirl blade. 

The swirl blades can herein be fixed to the tube, 
to the flow body or to both the flow body and the tube. 
30 For an optimum separating efficiency a further preferred 
embodiment relating to an axial recycle cyclone 
comprises : 

- one or more outflow openings arranged downstream 
relative to the swirl blades for the purpose of causing 

35 a part of the mixture to flow laterally out of the tube; 



WO 03/092901 



PCT/NL03/00318 



6 

- a recycle conduit arranged in axial direction 
through the rotating means for carrying back into the 
tube the part of the mixture which has exited via the 
outflow openings. 
5 Further advantages, features and details of the 

present invention will be elucidated on the basis of the * 
description of a preferred embodiment thereof. Reference 
is made in the description to figures, in which: 

Figure 1 shows a partly broken-away perspective 
10 view of a preferred embodiment of the system according 
to the invention; 

Figure 2a shows a photo of a cross-sectional 
preferred embodiment of the device according to the 
invent ion ; 

15 Figure 2b shows a partly broken-away perspective 

view of the preferred embodiment of the device according 
to the invention shown in figure 1; and 

Figures 3a-3f show schematic sections of a number 
of further preferred embodiments. 

20 Separation vessels are known for separating gas/oil- 

mixtures whereby the gas/liquid mixture fed under high 
pressure can be separated into a substantially gas- 
containing part and a substantially liquid-containing 
part (respectively the light and heavy fraction) . After 

25 a first separation the mixture is guided along cyclone 
boxes arranged in the separation vessel. An example of 
such a cyclone box 1 is shown in figure 1. 

Cyclone box 1 consists of eight cyclones. The 
gas/liquid mixture is supplied from below and guided 

30 into each of the cyclone tubes 3 of cyclones 2 (arrows 
A) . The gas/liquid mixture flows further upward in axial 
direction (arrows B) and arrives at a flow body 4 
positioned in tube 3. Flow body 4 can take many forms. 
However, in order to reduce the pressure losses in tube 
35 3, the outer surface of the flow body will in most cases 
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be curved and have a form similar to the form shown in 
figure 2. 

A number of swirl blades or vanes 5 is arranged 
against the outer surface of flow body 4. Swirl blades 5 
5 set the mixture flowing therealong into rotation (the 
mixture herein acquires a tangential component of 
velocity), which is represented by arrows C. By setting 
the gas/liquid mixture into rotation a relatively heavy 
part of the fraction, which in this case signifies a 
10 part containing a relatively large quantity of liquid, 
will be flung outward under the influence of the 
occurring centrifugal forces and come to lie against the 
inside of wall 3, while a relatively light part, which 
in this case signifies the part containing a relatively 
15 large quantity of gas, continues to flow round and close 
to the centre of tube 2. 

The light fraction exits on the upper side of tube 
3 (arrow F) and subsequently discharged in a manner not 
shown. The heavy fraction flung outward by the rotating 
20 movements is partly discharged via openings 7 in tube 3 
and enters a recycle conduit 8 (arrow D) . Recycle 
conduit 8 extends through flow body 4 so that the 
relevant part of the heavy fraction is carried back into 
the tube again on the upper side of the flow body (arrow 
25 E) . Further connected to recycle conduit 8 is a conduit 
9 for discharge of the heavy fraction, which conduit 
debouches onto an annular conduit 10 onto which debouch 
the discharge conduits of the other cyclones (arrow G) . 
Although the separating system shown in figure 1 is 
30 a system in which so-called recycle cyclones are 

applied, the invention can however also be applied to 
other separating devices, for instance axial cyclones 
without recycling, cyclones for separating gas and solid 
particles, separating devices for two or more liquids 
35 (liquid/ liquid separators) and so on. 
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In figure 2 the preferred embodiment of the 
invention is shown in more detail. Figure 2 is a partly 
cut-away view in perspective of a flow body 4 which is 
placed in a tube 3 . Swirl blades 5 are arranged 
5 obliquely on the outer surface 11 of flow body 3. This 
is made clearer in figure 3a. The angle a between the 
perpendicular n to the outer surface 11 of the flow body 
and the lower part of the relevant swirl blade 5 amounts 
to less than 90". In most cases the angle a will be 
10 between 25-65' . As a result of the oblique position of 
the swirl blades the mixture flowing therealong has a 
more natural flow profile, which ensures a better flow 
of the mixture along the blades. 

Figure 3b shows a cross -sect ion of another 
15 preferred embodiment, in which the swirl blades 5' have 
a position in which they are placed in known manner 
perpendicularly to flow body 4, but in which the swirl 
blades are partly or wholly curved in outward or radial 
direction, i.e. from said connection to the flow body as 
20 far as the free longitudinal edge of the swirl blade in 
question. In the shown embodiment the swirl blade is not 
curved close to the end connecting to the flow body, 
while the swirl blade is curved close to the opposite 
end. It is likewise conceivable to have the curvature 
25 start immediately at the position of the connection to 
the flow body. 

Figure 3c shows a cross-section of a further 
preferred embodiment, in which swirl blades 5" not only 
have an oblique position (i.e. at the position of the 
30 connection) relative to the surface of flow body 4, but 
are also curved in outward (radial) direction. 

When a swirl blade is followed in the flow 
direction, it is found that the position of a swirl 
blade and/or the curvature of the swirl blade changes. 
35 This change is adjusted such that an optimal flow 
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profile is created. Such a change is made apparent in 
the following figures 3e and 3f, in which a single swirl 
blade is shown at different positions (the other swirl 
blades are omitted for the sake of clarity of the 
5 description) . 

In a further advantageous preferred embodiment, the 
position of a swirl blade becomes increasingly more 
oblique from the upstream side (inflow side) to the 
downstream side of the flow body. The position of the 
10 swirl blade herein preferably progresses in constant 
manner. This is shown in figure 3d, in which the 
unbroken line shows swirl blade 5 in cross -sect ion at a 
first position F, the dashed line shows the swirl blade 
in cross-section at a second position G and the dash-dot 
15 line shows the swirl blade in cross-section at a third, 
further advanced position H. It can be clearly seen that 
the position of the swirl blade along the flow body 
varies, i.e. from the upstream end to the downstream 
end. 

20 In another advantageous preferred embodiment the 

curvature of a swirl blade varies as seen from the 
upstream end (inflow end) to the downstream end of the 
flow body. This is shown in figure 3e, in which the 
unbroken line shows swirl blade 5 in cross -section at a 

25 first position F, the dashed line shows swirl blade 5 in 
cross-section at a second position G and the dash-dot 
line shows the swirl blade in cross-section at a third, 
further advanced position H. It can be clearly seen that 
the curvature of the swirl blade at position F is less 

30 than at position B and the curvature at position G is in 
turn less than at position H. The curvature of a swirl 
blade (the other swirl blades are omitted for the sake 
of clarity in the figures) thus varies along the flow 
body, i.e. from the upstream end to the downstream end. 
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In a particularly advantageous embodiment of the 
invention, as shown in figure 3f, the position of the 
swirl blades varies as well as the curvature thereof. 

As can be inferred from figure 1, the upstream part 

5 of a swirl blade, i.e. in figure 1 the lower part of 
swirl blade 12, is arranged axially, i.e. substantially 
parallel to the longitudinal axis of the flow body. This 
corresponds with a very large radius of curvature, for 
instance in the order of magnitude of more than 1 to 1.5 

10 m. Further downstream herefrom the curvature of the 

swirl blades will increase gradually in order to set the 
mixture flowing therealong into gradual rotation. The 
radius of curvature at the downstream end of the swirl 
blades then decreases continuously to a value which can 

15 be as small as 5 cm. 

The present invention is not limited to the above 
described preferred embodiment thereof; the rights 
sought are defined by the following claims, within the 
scope of which many modifications can be envisaged. 
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CLAIMS 

1. Device for separating a mixture, comprising: 

- a flow body along the outer surface of which the 
5 mixture for separating can be carried; 

- at least one swirl blade arranged on the flow 
body for setting a mixture flowing therealong into a 
rotating movement from the proximal end to the distal 
end thereof, for the purpose of separating the mixture 

10 into a relatively heavy and a relatively light fraction, 
wherein the position of the swirl blade is substantially 
oblique relative to the perpendicular to the outer 
surface of the flow body and the swirl blade is 
outwardly curved, 

15 and 

wherein the outward curvature of the swirl blade and/or 
the position of the swirl blade varies at different 
positions between the proximal and distal end of the 
swirl blade. 

20 2. Device as claimed in claim 1, wherein the 

outward curvature increases from the proximal end to the 
distal end of the swirl blade. 

3. Device as claimed in claim 2, wherein the 
curvature increases uniformly over at least a part of 

25 the swirl blade . 

4 . Device as claimed in any of the foregoing 
claims, wherein the position of the swirl blade varies 
from the proximal end to the distal end. 

5. Device as claimed in claim 4, wherein the 

30 position of the swirl blade increases uniformly over at 
least a part of the swirl blade. 

6. Device as claimed in claim 1, wherein the swirl 
blade extends substantially obliquely relative to the 
flow body at the position of the connection of the swirl 

35 blade to the flow body. 
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7. Device as claimed in claim 6, wherein the angle 
(a) between a swirl blade and the perpendicular to the 
flow body surface amounts substantially to more than 5' 
at the position of the connection of the swirl blade to 

5 the flow body. 

8. Device as claimed in claim 1, wherein the angle 
(a) between the swirl blade and the perpendicular to the 
flow body surface amounts substantially to between 25* 
and 65' at the position of the connection of a swirl 

10 blade to the flow body. 

9. Device as claimed in any of the foregoing 
claims, wherein the angle (a) between the swirl blade 
and the perpendicular to the flow body surface increases 
gradually towards the outside. 

15 10. Device as claimed in any of the foregoing 

claims, wherein one or more of the swirl blades has an 
increasing axial curvature from the proximal end to the 
distal end. 

11. Device as claimed in claim 10, wherein the 
20 swirl blade extends substantially axially over a part 

from the proximal end, and the remaining part has an 
increasing curvature up to the distal end. 

12. Device as claimed in any of the claims 1-11, 
wherein the mixture for separating is a liquid/liquid 

25 mixture, a liquid/gas mixture and/or a gas/solid 
mixture . 

13. Separating system for separating a mixture, 
comprising : 

- a tube which is provided with at least one inlet 
30 opening for infeed of the mixture for separating and at 

least one outlet opening for outfeed of the separated 
mixture ; 

- a flow body disposed in the tube, along the outer 
surface of which the mixture for separating can be 

35 carried; 
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- one or more swirl blades arranged on the outer 
surface of the flow body and/or the inner surface of the 
tube, along which blades a mixture flows from a proximal 
end to a distal end for the purpose of setting the 
5 mixture into a rotating movement so as separate the 
mixture into a relatively heavy and a relatively light 
fraction, 

wherein the position of the swirl blade is substantially 
oblique relative to the perpendicular to the outer 
10 surface of the flow body and the swirl blade is curved 
outward, 
and 

wherein the outward curvature of the swirl blade and/or 
the position of the swirl blade varies at different 
15 positions between the proximal and distal end of the 
swirl blade. 

14. Separating system as claimed in claim 13, 
comprising: 

- one or more outflow openings arranged downstream 
20 relative to the swirl blades for the purpose of causing 

a part of the mixture to flow laterally out of the tube; 

- a recycle conduit arranged in axial direction 
through the rotating means for carrying back into the 
tube the part of the mixture which has exited via the 

25 outflow openings. 

15. Separating system as claimed in claims 12 and 
13 with a device as claimed in any of the claims 1-11. 
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